INTRODUCTION
The Electric motor is suitable for the propulsion of vehicles due to its torque characteristics, which are the same as the ideal torque characteristics of an internal combustion engine with a gearbox and clutch [2] . The efficiency of the conversion of electrical energy into mechanical work is nearly 90%, and in the entire field of operating characteristics the efficiency is above 70%, which is more than double the efficiency of the present best combustion engines [1] . Also, the possibility of recovering energy during regenerative braking predisposes electric motors to the task of propelling cars [3] . The compact size of electric motors allows engineers to design new powertrain conceptions. This preferred layout in terms of spatial demands and provided performance entails the need for the speed control of the electric motors to achieve natural wheel rolling during vehicle cornering. Therefore, it is a substitute for the mechanical differential system using the appropriate control algorithms for electric motors. These control algorithms together with electric engines and the entire powertrain represent an electronic differential system, as can be seen in Fig.1 .
Figure 2: Electric vehicle drivetrain conceptions: a.) single central motor drive, b.) tandem motors with planetary gear sets
The electric motor control algorithm used during cornering of the vehicle, is based on Ackerman's steering geometry and the differential gear kinematics theory of the vehicle. It is necessary to know the cornering radius first, as it can be obtained from the steering geometry [1] .
MATHEMATICAL FORMULATION OF THE STEERING GEOMETRY
To achieve the correct functionality of the electric motor control algorithm, it is necessary to derive the main relations which describe the vehicle's cornering motion [4] .
In order to ensure an ideal rolling of the wheels during cornering, it is necessary for each wheel to describe a circle with a common center at the point 0. In other words, all of the wheel axes must intersect at one point. Due to the fact that the rear wheels are fixed on the rear axle and aren't adaptive, and the situation is analogous for the front wheels, both wheel pairs must have the same rotation axis.
The front wheels must be rotated by angles α and β for compliance with the abovedescribed conditions (Fig. 3) .The theoretical cornering radius can be expressed based on the steering angles of the front wheels as follows: Based on Fig. 4 , the angular velocity equations of the left and right driven wheels can be derived based on the following equations. From the top view, the centres of both driven wheels of the vehicle are spinning with equal angular velocity about the point 0.
Both wheels have the same angular velocity about the point 0, but different distances from the centre of rotation:
From equations (5,6) the peripheral velocity of the wheel centre in the longitudinal direction and the angular velocities of both wheels has been obtained.
Since the model will be controlled by the steering wheel, it is necessary to derive the median angle of both wheels from steering wheel angle:
where: α S -median angle of steered wheels, α SW -steering wheel angle, i sm -ratio between steering wheel and steered wheels.
CASE STUDY AND SIMULATION RESULTS
The conventional differential system allows the wheels to spins at different speeds. This condition is necessary when the vehicle drives in a curve. The external wheels describe a circumference of the driving radius that is larger than that of the internal wheels (Fig.2,3 ).
The geometric model proposed by Ackerman shown in Fig. 2 can be used. This model allows for the determination of the radius of rotation( R O ) from the steering angle and in turn the angular speed values that each rear (traction) wheel have to adopt (ω 1 ,ω 2 ).
The electronic differential has to take into account the difference in speed between the two driven wheels duringvehicle cornering.The system uses the vehicle's speed and steering angle as input parameters and calculates the required inner and outer wheel speeds,with the two wheels controlled independently by two PMSM electric motor/generators.
When the vehicle comes to the beginning of a curve, the control system applies a steering angle to the wheels. The electronic differential acts immediately on the two motors reducing the speed of the inner wheel, and increasing the angular velocity of the outer wheel.
Our designed simulation model of a vehicle driven using an electronic differential is divided into two parts [5] :
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• Model of the electronic differential control system, including two electric motors.
Yaw rate
Accel. pedal position The results of the co-simulation are several plotted time dependencies. For the vehicle model, the desired longitudinal velocity and the steering wheel angle has been prescribed (Fig. 7. ). Fig. 9 show the response of the electric motors to the control algorithm during cornering.
The negative value of the mechanical torques at the beginning of the co-simulation is caused by the passive resistance of the electric motors (viscous and Coulomb friction). The negative value of the torque during cornering is given by the control algorithm; the electric motor is regenerating energy and retarding the inner wheel to reach the desired angular velocity (like a conventional vehicle with an electronic stability program).
CONCLUSION
Based on the mathematical dependences, anelectronic differential control system was designed. The functionality of the electronic differential control system was designed and simulated considering the ideal conditions of electric vehicle's movement. From the simulation modelresults were obtained which show the functionality of the designed electronic differential controlunder ideal driving conditions and neglecting the dynamic influences of the electric vehicle's dynamic motion during cornering.The control algorithm is based on the theoretical cornering radius calculation from the sensed angle of rotation of the steering wheel and the sensed longitudinal velocity of the vehicle calculated from the angular velocity sensors located on each wheel.Future research will be focused on the mathematical expression of electric vehicle cornering based on the calculation of the real cornering radius.The calculation of the value of the real cornering radius is based on the longitudinal and lateral slip characteristics of each tire during electric vehicle cornering.
